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As the price of oil reached approximately USD 147 per barrel on 3 July 2008, an increasing number of mature oil fields became attractive for redevelopment. On the fifth anniversary of the highest oil price yet attained TWA asked,"What defines a mature oil field?"
According to Paul Bondor, 2010-11 SPE Distinguished Lecturer, retired from Shell after 35 years of technical and supervisory service, "a mature oil field is an oil field that is considered fully developed. There may be infill opportunities but in general the fielddevelopment plan has been executed.
"There may or may not be secondary recovery with gas or water injection. But if there are no additional wells to be drilled, you are doing a decent job of reservoir management and your production has peaked and is on decline. For example, with a strong and active aquifer you may never put water in the ground but you will still get eventual high water cut.
"To me, a mature oil field is one where you have development in place, and the field has peaked and is on decline." Jonathan Williams, geoscience team leader at BP, said, "You have really got to think of it in terms of how much ultimate recovery potential you have already achieved and where are you in that production profile. Once you come off plateau, that's when you start calling yourself mature.
"When we look at oil fields, especially at onshore locations, they have 30-to 60-to 100-year lives. Until you reach the technical limit of ultimate recovery, there are opportunities; they may not be economic but there are always opportunities. So a mature oil field is one that has come off plateau, that then has oil processing capacity where finding the right technology can unleash those barrels into the facilities.
"I look at oil profiles almost the other way around. I'm always thinking about what is the capacity. That gap between what you are producing and what is the capacity-and therein lies the opportunity. If you flipped it on its head and did not look at water-handling capacity or gas-handling capacity and you just look at oil-processing capacity versus oil throughput, in most fields you have a whole field's worth of underutilized capacity." R. Keith MacLeod, president of Sproule International Ltd and SPE Director, Canada, commented, "Mature fields are very important, as recent studies estimate that hydrocarbon production from these fields will account for more than one-half of the global energy mix for at least the next 20 years.
"Since most of the world's oil basins have been explored and large discoveries are occurring less Forum frequently, it will be critical for companies to improve recovery from mature fields. The great asset of mature fields is the large volumes of hydrocarbons in place that have been identified through drilling, testing, historical production, and pressure data. This generally provides very low risk related to encountering hydrocarbons while drilling. "Mature fields also benefit from existing wellbores, surface infrastructure, and government approvals that can provide timely redevelopment and improved economics on incremental recovery projects. Mature fields offer excellent opportunities to experiment with new reservoir-management techniques or technologies related to geoscience, production optimization, enhancedrecovery schemes, drilling, and facilities with the objective of enhancing production levels or reducing field decline rates."
Technology, Trial and Error
Getting to oil that once seemed unrecoverable is one of the energy industry's tasks. Technological advances should allow hydrocarbon production keep up with world energy demand for some decades to come.
An example of where evolving technology played a key role is the Weyburn oilfield unit operated by Cenovus Energy in western Canada (Fig.1) . The Weyburn oil field began its decline in the late 1960s, making it "mature" at that point. However, redevelopment opportunities from the late 1980s until the present have actually increased production. Infill drilling both vertical and horizontal wells has allowed for increased reservoir exposure and decreased well spacing, offering better economics. In 2000, the Weyburn oil field became a carbon sequestration project, whereby CO 2 was injected into the reservoir for the purpose of enhanced oil recovery (Fig. 2) and long-term CO 2 storage. Today, the oil field continues to operate, with CO 2 being delivered by pipeline from North Dakota.
Another example is the Forties field in the North Sea, which was acquired by Apache in 2003. Apache's engineers and geoscientists have increased the value of the field by adding reserves and production. A successful drilling program was initiated by utilizing 4D seismic that identified areas of the field that have not been sufficiently drained, and by reducing costs through utilizing new drilling equipment, such as a modern jack-up rig. Another advancement features the ring main project, which allowed electricity to be generated using natural gas from the field instead of purchased fuel oil. The reward is large: Each additional 1% recovery of the 5 billion bbl of original oil in place is the equivalent of a 45-to 50-million-bbl discovery. This progressive work continues today.
What to Think About When Revitalizing Mature Oil Fields
MacLeod believes that revitalizing mature oil fields can be started with a few steps. The first step, he said, should be to prepare an integrated reservoir study to identify the hydrocarbons initially in place, in all zones, and to develop an understanding of the remaining hydrocarbons in each zone based on the current field-development plan.
The second step, he continued, should be to review development strategies and technologies used by other companies elsewhere in the world.
Utilizing resources such as SPE's OnePetro and other SPE resources as well as those of other technical societies can help engineers and geoscientists better understand what's out there, said MacLeod. Management
Fig. 2-Defining improved oil recovery (IOR) and enhanced oil recovery (EOR).
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